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DUAL CIRCULAR POLARIZATION 
MODULATION SPECTROMETER 

BACKGROUND 

1. Field of Invention 

The present invention relates to the ?eld of spectroscopy 
and spectrophotometers. Speci?cally the invention relates to 
the ?eld of ultraviolet, visible, and infrared spectroscopy. 
More speci?cally the invention relates to the ?eld of circular 
polariZed light spectroscopy. The invention is a neW spec 
trometer that uses circular polariZed light to generate a 
circular dichroism spectrum free from interference. 

2. Description of Related Art 
Spectroscopy is the science and application of light mea 

surement. Aspectrometer or spectrophotometer is the instru 
ment that is used to measure the spectrum of a substance. A 
spectrometer has a light source, a light selection device, a 
sample compartment, and a light detector along With appro 
priate electronic and computer controls and data acquisition 
capabilities. Common scienti?c spectrometers have a light 
source that can generate light in the ultraviolet (UV), visible, 
and infrared (IR) regions. A common UV light source is the 
hydrogen or deuterium lamp. Avisible light source is usually 
a tungsten lamp. An IR source is commonly a special 
ceramic material that is heated to a given temperature. 

Alight selection device is usually an arrangement of slits, 
?lters, and diffraction gratings and other elements that alloW 
the selection of light With particular characteristics to pro 
ceed through the optical con?guration. The characteristics 
selected for could be the Wavelength or the polariZation or 
both. The Wavelength selection device can select a very 
narroW range of Wavelengths from the incoming polychro 
matic light. If the Wavelength selection device is good 
enough, the light coming from the device is virtually mono 
chromatic light. This type of Wavelength selection charac 
teriZes the dispersive spectrometer. 
An alternate con?guration for a Wavelength selection 

device, termed Fourier-transform spectrometer, makes use 
of the Michelson interferometer and computer manipula 
tions of the resulting signal to generate an absorption 
spectrum. A beam splitter splits the beam from the light 
source. One of the tWo resulting beams of light is re?ected 
from a ?Xed mirror back to the beam splitter and the second 
beam of light is re?ected from a movable mirror back to the 
beam splitter. The beam splitter recombines the light from 
the tWo re?ective mirrors to form a single beam that goes 
through the rest of the components of the spectrometer. 
Because the tWo light paths are identical only at one instance 
in time, an interference pattern versus time is generated. 
Computer manipulations of the resulting signal from the 
interference pattern result in an absorption spectrum This 
Fourier-transform spectrophotometer has become the instru 
ment of choice in many situations because higher light levels 
are transmitted through the instrument Which gives a better 
signal to noise ratio in the resulting spectrum. 

The particular light selected is used to probe the sample, 
Which can be liquid, solid, or gas, and is detected at a light 
detector that is usually a photomultiplier or photodiode With 
appropriate electronic ampli?cation and recording devices. 
Another light modifying element of a light selection device 
is a polariZation modulator (PM). A PM has the ability to 
take linear polariZed light and modulate it at a ?Xed modu 
lation frequency betWeen right circular polariZed (RCP) and 
left circular polariZed (LCP) light. A PM has an optical 
element, such as fused silica, and an attached transducer for 
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2 
vibrating the optical element at a particular frequency as 
described in US. Pat. No. 5,652,673. As the optical element 
vibrates under the in?uence of the transducer, the optical 
element is compressed and eXtended in an oscillating fash 
ion. The effect of this oscillation in the optical element is to 
cause the light that leaves the element to be modulated 
betWeen LCP and RCP. When a beam of incident radiation 
modulated betWeen RCP and LCP is used to probe a sample, 
the sample may absorb selectively the RCP or the LCP light. 
If the Wavelength of the incident light is controlled so that 
the entire spectrum of interest can be sampled as a probe, the 
light hitting the light detector Will be a function of the 
difference in the ability of the sample to absorb LCP and 
RCP light at the various Wavelengths that are selected. When 
the signal from the light detector is demodulated at the same 
frequency that the PM is operating, a spectral scan can be 
obtained that shoWs the difference betWeen the LCP and the 
RCP light absorbed by the sample as a function of the 
Wavelength of the incident circular polariZed beam of light 
This differential spectral scan is called the circular dichroism 
(CD) spectrum of the sample. The CD spectrum of a material 
can be used to probe the chiral properties of a material, and, 
thus, it is very important in the understanding of the absolute 
molecular con?guration of chemical compounds. 
A carbon atom can have four different atoms or groups of 

atoms covalently attached to it. The attached groups form a 
tetrahedron that, if the groups are not identical, can have 
either an R or an S con?guration. This asymmetrical con 
?guration in the molecular structure of the compound gives 
rise to the differential absorption of the LCP and the RCP 
light. If equal concentrations of the R con?guration and the 
S con?guration are present, the sample is termed a racemic 
mixture of the tWo con?gurations. Because the equal con 
centrations of R and S con?gurations Will absorb the RCP 
and LCP light equally, there Will be no CD spectrum of the 
sample. If only a single con?guration of a molecule is 
present in the sample, the sample Will give a CD spectrum. 
If, for example, the R con?guration is present as 75% of the 
sample and the S con?guration is present as 25% of the 
sample, the CD spectrum Will have the pattern of the R 
con?guration but Will not have the full intensity of a sample 
of the pure R con?guration of the molecule. In this manner 
the chiral purity of a sample can be determined. In certain 
drugs, only one of the tWo possible con?gurations gives the 
desired effect. If the CD spectrum of a chemical compound 
can be accurately determined it can be compared to theo 
retical calculations to test the accuracy of the theoretical 
understanding of the chemical compound. 

The optical con?guration of a spectrometer described 
above, and shoWn in FIG. 1, can be represented by the 
folloWing symbol pattern: 

LS—>G—>P—>PM—>S—>D (I) 

Where LS is the light source 2; G is a Wavelength selection 
device or Michelson interferometer 4; P is a linear polariZer 
6, needed to de?ne a single state of polariZation such as 
vertical polariZed light; PM is a polariZation modulator 8 
With stress aXis at 45° from the aXis of the linear polariZer, 
Which sWitches the polariZation betWeen LCP and RCP 
states; S is the sample 10 and D is the detector 12. An 
eXample of a G is the Fourier transform infrared interfer 
ometer sold by Bomem of Quebec, Canada. An eXample of 
a P is an aluminum Wire-grid infrared polariZer from Specac 
Inc., Smyrna, Ga. An eXample of a D is a mercury cadmium 
telluride detector from EG&G Optoelectronics in Santa 
Clara, Calif. An eXample of a PM is the photoelastic 
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modulator sold by Hinds Instruments in Hillsboro, Oreg. In 
practice the PM switches betWeen LCP and RCP at a rate of 
betWeen 20 and 100 kilohertZ. 

The intensity of the light that strikes the detector can be 
represented by equation number 1. 

ID=TR+CD (1) 

Where ID 14 is the intensity at the detector and TR 20 is the 
ordinary transmitted radiation spectrum of the sample With 
an absorbance, A. TR is the amount of light that passes 
through the sample and reaches the light detector. A sample 
Will absorb some of the light at any particular Wavelength of 
light, and that is termed the absorbance of the sample. The 
absorbance, A, is de?ned as the negative logarithm of the 
base 10 of the ratio of the intensity at the detector When the 
sample is in place, TR, divided by the same intensity When 
the sample has been removed, TRO. This is given by 

A=—l0g1U(TR/TRD) (2) 

The absorbance of a sample Will vary as a function of the 
Wavelength and concentration of the absorbing compound in 
the sample compartment. The light that is not absorbed by 
the sample is the light that is transmitted through the sample 
and is termed the transmission spectrum of the sample. 

The CD term 18 of the equation (1) is that part of the 
detector signal, ID 14, that oscillates at the PM modulation 
frequency. At any given Wavelength, the CD term could add 
to, subtract from, or not affect the TR term 20 of equation 
(1). The CD term, Which is obtainable only at the PM 
modulation frequency, can be considered a change in absor 
bance of the sample at the PM modulation frequency. The 
CD term is the difference betWeen amount of LCP light 
absorbed by the sample and the amount of RCP light 
absorbed by the sample. Thus if more LCP light is absorbed, 
the CD term Will be positive and if more RCP light is 
absorbed, the CD term Will be negative. The TR term is very 
large compared to the CD term in equation Typically for 
determinations of the CD spectra in the infrared region of the 
spectrum, the TR term is ten thousand to one hundred 
thousand as strong as the CD signal. HoWever, the CD term 
can be observed in practice because the signal from the 
detector that oscillates in frequency With the PM frequency 
can be isolated from the rest of the signal by a lock-in 
ampli?er, LIA 16. An eXample of a LIA is the Model SR810 
lock-in ampli?er from Stanford Research Systems, 
Sunnyvale, Calif. 

The measured circular dichroism spectrum, AA 24 is 
de?ned as the absorbance for LCP light, AL, minus the 
absorbance for RCP light, AR, as 

AA=AL_AR (3) 

To obtain the circular dichroism spectrum, AA 24 the CD 
term 18 is divided by the TR term 20 by means of a softWare 
operation DIV 22, and then multiplied by a softWare cali 
bration factor, CAL, as 

AA=CAL(CD/TR) (4) 

In an optical con?guration as shoWn in I, an unWanted 
background spectrum occurs and is given the technical term 
linear birefringence (LB). This is an unWanted background 
(UB) that disturbs the Zero base line upon Which the desired 
CD spectrum appears. LB can be represented as a part of an 
optical con?guration and as shoWn in FIG. 2 as an optical 
electronic diagram: 
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or 

LS—>G—>P1—>LB—>PM—>P2—>D (IIb) 

Where LB is the source of the linear birefringence 26 With 
aXes parallel or perpendicular to those of the PM. The LB 
may be present as a birefringent plate, strain in the sample 
WindoWs, or strain in the PM. In practice, the precise cause 
of LB is very dif?cult to de?ne. A second polariZer, P2 28, 
parallel, perpendicular or some angle betWeen, to the ?rst 
polariZer, P1 6, has been added to the optical con?guration 
prior to the detector. The second polariZer may be a linear 
polariZer inserted into the con?guration intentionally or the 
linear polariZation intensity of the detector itself. Thus the 
LB cannot be eliminated from the system. The mathematical 
expression for the intensity of the radiation at the detector, 
ID 30, is given by equation (5): 

ID=TR’+UB (5) 

Where the TR‘ term 34 is closely related to the TR term 20 
in equation (1), and the UB term 32 is the signal that 
represents an unWanted background due to the linear bire 
?ingence in the optical path betWeen the tWo polariZers, P1 
6 and P2 28. The ?nal circular dichroism spectrum due to the 
unWanted background in the optical path is given by AAB 36, 

AAB=CAL(UB/TR’) (6) 

Where the UB signal is divided by the TR‘ and then cali 

brated as in equation An alternative optical con?guration for a CD spectropho 

tometer interchanges the position of the sample S 10 and the 
polariZation modulator PM 8 from con?guration I FIG. 2. 
The addition of P2 28 to the con?guration gives con?gura 
tion III, as shoWn beloW and as illustrated in the optical 
electronic diagram in FIG. 3, 

LS—>G—>P1S—>PM—>P2—>D (III) 

The mathematical expression for the intensity of the light 
hitting the detector I D 38 for con?guration m is given by the 
equation 

ID=TR’—CD/2. (7) 

Here, the TR‘ term 42 is similar to the term in equation (5) 
because the presence of P2 28 in the optical con?guration, 
and the CD term 40 has the opposite sign and one-half of its 
value in equation The opposite sign of the CD term 
arises because the PM is positioned after the sample instead 
of before the sample. The ?nal circular dichroism spectrum 
44 is obtained by division of-CD/2 by TR‘ folloWed by 
calibration as 

All of the above information is Well knoWn in the prior art, 
and CD spectrophotometers have been manufactured using 
the above con?gurations. Spectrometers made by Jasco, 
Aviv, and Olis are available that obtain CD spectrum in the 
ultraviolet and visible region. Bomem/BioTools manufac 
tures instruments that can obtain a CD spectrum in the 
infrared region. 

BRIEF SUMMARY OF THE INVENTION 

Current CD spectroscopy is faced With separating the UB 
contribution to the spectrum from the desired CD part of the 
spectrum. This is currently done by collecting the spectrum 
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With and Without the sample in place, storing the spectra in 
a digital format, and mathematically subtracting tWo spectra. 
Although informative, the operation cannot be ideal because 
introduction of the sample into the optical beam creates neW 
UB functions. The current invention eliminates UB Without 
any subsequent optical measurement or stored blank 
spectrum, and thus obtains for the ?rst time a CD signal in 
real time that is free of UB interference. 

The introduction of a second PM into the optical con 
?guration eliminates the UB from the CD spectrum of a 
sample. The pure CD spectrum produced by the current 
invention gives a heretofore unobtainable precise and accu 
rate CD spectrum of a sample in a single measurement. The 
improved CD spectrum of a sample can be used to investi 
gate basic scienti?c questions about the sample such as 
absolute con?guration, optical purity, and structural confor 
mation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1. Optical-electronic diagram of a typical CD spec 
trometer With a sample in place shoWing the detector path 
Ways for the CD and TR intensities. 

FIG. 2. Optical-electronic diagram of a typical CD spec 
trometer illustrating the source of linear birefringence and 
the CD background signal that it produces. 
FIG 3. Optical-electronic diagram of a CD spectrometer 

With the sample located before the polariZation modulator 
and the required second polariZer. 

FIG. 4. Optical-electronic diagram of a dual polariZation 
modulation CD spectrometer With a second polariZer and 
illustrating the tWo electronic pathWays for the tWo CD 
modulation signals. 

FIG. 5. Optical-electronic diagram of a dual polariZation 
modulation CD spectrometer Without a second polariZer 
illustration the tWo electronic pathWays for the tWo CD 
modulation signals. 

FIG. 6. Typical CD spectrum obtained from a CD spec 
trometer With only one modulator that includes an unWanted 
background spectrum due to linear birefringence. 

FIG. 7. The CD spectrum for the same sample as in FIG. 
6 obtained With a dual modulation CD spectrometer Where 
the unWanted background spectrum has been eliminated by 
the addition of the second modulator. 

DETAILED DESCRIPTION OF THE 
INVENTION 

An optical con?guration With tWo PM elements can be 
con?gured as shoWn in con?guration IV and the optical 
electronic diagram in FIG. 4. 

Con?guration IV has a PM1 8 before the sample 10, LB 26 
betWeen the tWo polariZers, and a PM2 46 after the LB and 
sample. Although the LB is indicated after the sample it 
could arise from any place along the optical con?guration as 
long as it is betWeen the tWo polariZers. This dual polariZa 
tion modulator spectrophotometer has the unique ability to 
eliminate the UB from the ?nal circular dichroism spectrum. 
Such a spectrum that is free from UB alloWs precise and 
accurate measurement of the CD of the sample. 

The expression for the signal at the detector ID 48 for 
optical con?guration IV is 

ID=TR"+(UB+CD/2)1+(UB—CD/2)2 (9) 

Where the TR“ term 60 is slightly modi?ed from equations 
(1), (5), or (7) because the second PM is in the optical 
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con?guration. The tWo terms in the ?rst parenthetical term 
52 represent that part of the detector signal varying at the 
PM1 frequency. It contains the unWanted background spec 
trum UB, and one half of the CD spectrum. The tWo terms 
in the second parenthetical term 54 are from that part of the 
detector signal that oscillates at the PM2 frequency. If the 
tWo modulators are set at the same strength of polariZation 
modulation (not the same frequency), the tWo UB and CD 
terms in equation (9) have the same UB and CD values 
independent of sign. It is sometimes technically difficult to 
set the strengths of the tWo PMs to be the same because they 
are in different optical environments. HoWever, if one can 
identify a large UB signal, the PMs can be tuned until that 
UB signal vanishes. Current experiments With the system 
indicate that the frequencies of the tWo PMs need to be 
betWeen 20 and 200 HertZ apart to achieve satisfactory 
signal de?nition. Since the tWo terms in the parenthesis of 
equation (9) are measured by separate lock-in in ampli?ers, 
LIA1 16 and LIA2 50 tuned to PM1 and PM2 frequencies, 
these tWo contributions can be combined electronically by 
SUB 56. Electronic manipulation of the tWo signals from the 
lock-in ampli?ers alloWs the signals from the tWo lock-in 
ampli?ers to be either subtracted or added. An example of an 
electronic manipulator SUB is the Dual Channel Program 
mable Filter, Model SR650 by Stanford Research Systems in 
Sunnyvale, Calif. If the signal at the PM2 frequency 54 is 
subtracted from the signal of the ?rst lock-in ampli?er 52 the 
UB terms cancel and the CD terms reinforce one another and 
become a total contribution tWice the siZe of the contribution 
at each PM frequency. With these conditions in place, the 
expression for equation (9) can be reWritten 

ID=TR "+CD (10) 

Even though LB is present in the optical con?guration IV, 
LB’s contribution to the detector signal is Zero leaving only 
a single CD term 58. Because LB is the primary source of 
optical artifacts in the measurement of a CD spectrum, this 
optical con?guration and electronic analysis eliminates all 
LB artifacts and alloWs the direct measurement of the CD of 
the sample. This removes the need to measure a separate 
reference baseline at a different period in time using the 
opposite enantiomer, the racemic mixture, or even less 
accurately the solvent or the empty cell. The ?nal circular 
dichroism spectrum, AA 62 is obtained by division and 
calibration from 

AA=CAL (CD/TR 0 (11) 

It is obvious by inspection of equation (9) that adding the 
signal of the second lock-in ampli?er to the signal of the ?rst 
lock-in ampli?er Will result in a signal that has no contri 
bution from the CD spectrum of the sample and only 
represents the LB portion of the optical system. Although 
not useful to probe the molecular structure of the sample, 
determining the spectrum of the LB of the system may be 
useful in other optical determinations. 

Avariation on the best mode of the invention given above 
is the dual polariZation modulator instrument in Which the 
second polariZer P2 28 is removed. The optical con?guration 
of this spectrometer is shoWn in con?guration V and illus 
trated in the optical-electronic diagram in FIG. 5. 

LS—>G—>P1—>PM1—>S—>LB—>PM2—>D (v) 

The mathematical expression for optical con?guration V is: 

ID=TR+(eUB+e’UB’+CD)1+(eUB—eCD/2)2 (12) 

All the terms containing 6, the polariZation sensitivity of the 
detector, are very small relative to the other terms of the 
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equation. The ?rst term in parenthesis 66 of equation (12) 
has a CD term that is tWice as large as the CD term 52 in 
equation (9) because the second polariZer P2 28 has been 
removed from the optical con?guration. If the tWo PMs are 
set to the same modulation strength (not the same frequency) 
and the signal from PM2 68 is subtracted (SUB 56) from the 
signal from PM1 66 equation (9) can be reWritten as sum of 
tWo terms, 72 and 70: 

The CD term in equation (13) is essentially the same as the 
CD term in equation (10) as long as the 6 terms are close to 
Zero. There remains in the equation a small UB‘ term that 
does not necessarily go to Zero if the detector has a polar 
iZation sensitivity aWay from the pure vertical or horiZontal 
planes. This UB‘ term Would be at a maXimum if the 
polariZation sensitivity Were at 45 degrees from the vertical 
or horiZontal planes and approach Zero as the polariZation 
sensitivity approached the vertical or the horiZontal plane. 
The potential disadvantage of using con?guration (V) is that 
UB‘ may contribute to the signal and may not be completely 
eliminated. Nevertheless, if the polariZation sensitivity of 
the detector is not at a disadvantageous angle, the method 
Will be acceptable in practice. The ?nal circular dichroism 
spectrum 74 is obtained by division (DIV 22) and calibration 
as 

Another variation on optical con?gurations IV or V is the 
addition of multiple PMs at either the PM1 or the PM2 
position. The addition of multiple PMs may require that each 
PM have its oWn selected frequency and lock-in ampli?er to 
isolate its signal from the other PM signals. This optical 
con?guration has a potential to reduce the magnitude of 
either the eUB or the e‘UB‘ of equation (12) or equation (13), 
respectively. The multiple PMs must be set to a strength of 
polariZation modulation and oriented to the incident polar 
iZed beam at either +45 or —45 degrees to reduce the 
magnitude of the eUB term or at 0 or 90 degrees to reduce 
the magnitude of the e‘UB‘ term. 

FIG. 6 shoWs the infrared circular dichroism spectrum, 
AA, of an organic compound in Which a single PM Was 
operating. AA is a quantity of spectral intensity measure 
ment that has no units. In this particular application the 
spectrum 76 is beloW the baseline and eXhibits a slight 
upWard slope as the spectrum is folloWed from high Wave 
number frequency, given in units of cm_1, to loW Wavenum 
ber frequency. FIG. 7 shoWs the infrared CD spectrum 78 of 
the same sample as FIG. 6 but With the dual PM’s operating. 
In FIG. 7 the spectrum is not displaced from the baseline and 
there is no slope to the baseline of the spectrum. 
Any practitioner skilled in the optical arts can build an 

operating dual modulated circular dichroism spectrometer in 
a number of different detailed optical paths that folloW the 
optical con?guration given in con?gurations IV and V. The 
second PM could be added to eXisting circular dichroism 
spectrometers by appropriate modi?cation of the light path. 
In addition, an eXisting absorption spectrometer could be 
modi?ed by the addition of tWo polariZation modulators, 
modi?cations in the light path if necessary, and addition of 
appropriate electronics to create a dual polariZation modu 
lation spectrometer. 
What is claimed is: 
1. A dual circular polariZation modulator spectrometer 

comprising, in combination: 
a light source; 
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8 
a Wavelength selection device; 
a ?rst polariZer; 

a ?rst polariZation modulator vibrated to modulate incom 
ing light betWeen left and right circular polariZed light 
at a selected frequency; 

a sample chamber; 
a second polariZation modulator vibrated to modulate 

incoming light betWeen left and right circular polariZed 
light at a selected frequency that is not the same 
frequency as the selected frequency for the ?rst polar 
iZation modulator Whereby strength of the ?rst a polar 
iZation modulator and strength of the second polariZa 
tion modulator can be manipulated to eliminate 
unWanted background signal; 

second polariZer; 
a light detector; 
a ?rst lock-in ampli?er Whereby a signal corresponding to 

the selected frequency of the ?rst polariZation modu 
lator is isolated; 

a second lock-in ampli?er Whereby a signal correspond 
ing to the selected frequency of the second polariZation 
modulator is isolated; 

an electronic manipulator to combine the signals from the 
?rst and the second lock-in ampli?ers Whereby the 
signals can be combined by mathematical operations. 

2. A dual circular polariZation modulator spectrometer as 
claimed in claim 1 Wherein the ?rst and second polariZation 
modulators operate at a frequency betWeen about 20 and 
about 100 kilohertZ. 

3. A dual circular polariZation modulator spectrometer as 
claimed in claim 1 Wherein the ?rst and the second polar 
iZation modulators operate at tWo different frequencies. 

4. A spectrometer as claimed in claim 1 Wherein the 
electronic manipulator combines the signals from the ?rst 
and second lock-in ampli?ers by subtracting the signal of 
one of the lock-in ampli?ers from the signal of the other 
lock-in ampli?er Whereby the resulting spectra is a circular 
dichroism spectra of the sample free from linear birefringent 
interference. 

5. A spectrometer as in claim 1 Wherein the electronic 
manipulator combines the signals from the ?rst and the 
second lock-in ampli?ers by adding the signal of the tWo 
lock-in ampli?ers Whereby the resulting spectra is a linear 
birefringent spectra free from circular dichroism. 

6. A dual circular polariZation modulator spectrometer 
comprising, in combination: 

a light source; 
a Wavelength selection device; 
a polariZer; 
a ?rst polariZation modulator vibrated to modulate the 

incoming light betWeen left and right circular polariZed 
light at a selected frequency; 

a sample chamber; 
a second polariZation modulator vibrated to modulate the 

incoming light betWeen left and right circular polariZed 
light at a frequency that is not the same frequency as the 
selected frequency for the ?rst polariZation modulator 
Whereby strength of the ?rst polariZation modulator and 
strength of the second polariZation modulator can be 
manipulated to eliminate unWanted background signal; 

a light detector; 
a ?rst lock-in ampli?er Whereby a signal corresponding to 

the selected frequency of the ?rst polariZation modu 
lator is isolated; 
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a second lock-in ampli?er whereby a signal correspond 
ing to the selected frequency of the second polarization 
modulator is isolated; 

an electronic manipulator to combine the signals from the 
?rst and the second lock-in ampli?ers can be combined 
by mathematical operations. 

7. A dual circular polariZation modulator spectrometer as 
claimed in claim 6 Wherein the ?rst and second polariZation 
modulators operate at a frequency betWeen about 20 and 
about 100 kilohertZ. 

8. A dual circular polariZation modulator spectrometer as 
claimed in claim 6 Wherein the ?rst and the second polar 
iZation modulators operate at tWo different frequencies. 

9. A spectrometer as claimed in claim 6 Wherein the 
electronic manipulator combines the signals from the ?rst 
and second lock-in ampli?ers by subtracting the signal of 
one of the lock-in ampli?ers from the signal of the other 
lock-in ampli?er Whereby the resulting spectra is a circular 
dichroism spectra of the sample free from linear birefringent 
interference. 

10. A spectrometer as in claim 6 Wherein the electronic 
manipulator combines the signals from the ?rst and the 
second lock-in ampli?ers by adding the signal of the tWo 
lock-in ampli?ers Whereby the resulting spectra is a linear 
birefringent spectra free from circular dichroism. 

11. A method for obtaining a circular dichroism spectra of 
a substance free of linear birefringence interference com 
prising: 

adding a second polariZation modulator to a circular 
dichroism spectrometer, said circular dichroism spec 
trometer having a light source, a Wavelength selection 
device, a ?rst linear polariZer, a ?rst polariZation modu 
lator vibrated at a selected frequency, a sample 
chamber, a light detector, and a lock-in ampli?er to 
detect the signal corresponding to the selected fre 
quency of the ?rst polariZation modulator; 

vibrating the second polariZation modulator at a selected 
frequency that is not the same as the selected frequency 
of ?rst polariZation modulator, Whereby the strength of 
the ?rst polariZation modulator and the strength of the 
second polariZation modulator can be manipulated to 
eliminate unWanted background signal; 

adding a second lock-in ampli?er Whereby the signal 
corresponding to the selected frequency of the second 
polariZation modulator is isolated; 

electronically manipulating the signals obtained from the 
?rst and the second lock-in ampli?ers Whereby the 
resulting signal is the circular dichroism spectra of the 
substance in the sample chamber free from linear 
birefringence interference. 

12. A method for obtaining the circular dichroism spectra 
of a substance as in claim 11 in Which an additional polariZer 
is added to the optical con?guration. 
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13. A method for obtaining the circular dichroism spectra 

of a substance free of linear birefringence interference 
comprising: 

adding a ?rst and a second polariZation modulator and a 
polariZer to an absorption spectrometer, said absorption 
spectrometer having a light source, a Wavelength selec 
tion device, a sample chamber and a light detector; 

vibrating the ?rst polariZation modulator at a selected 
frequency; 

vibrating the second polariZation modulator at a selected 
frequency that is not the same selected frequency at 
Which the ?rst polariZation modulator vibrates; 

selecting the strength of the modulation of the ?rst and the 
second polariZation modulators so that unWanted back 
ground signal Will be eliminated; 

locating the sample chamber betWeen the ?rst and the 
second polariZation modulators; 

adding a ?rst lock-in ampli?er and a second lock-in 
ampli?er Whereby a signal corresponding to the 
selected frequency of the ?rst polariZation modulator 
and a signal corresponding to the selected frequency of 
the second polariZation modulator are obtained; 

electronically manipulating the signal from the ?rst lock 
in ampli?er and the signal from the second lock-in 
ampli?er Whereby a circular dichroism spectra is 
obtained that is free from linear birefringent interfer 
ence. 

14. A method for obtaining the circular dichroism spectra 
of a substance as claimed in claim 13 in Which a second 
polariZer is added to the optical con?guration. 

15. A circular polariZation spectrometer comprising, in 
combination: 

a light source; 
a Wavelength selection device; 
a ?rst polariZer; 
a plurality of polariZation modulators vibrating at selected 

frequencies Whereby the strength of each polariZation 
modulator can be manipulated to minimize unWanted 
background interference; 

a sample chamber; 
a light detector; 
a plurality of lock-in ampli?ers Whereby each polariZation 

modulator may have a corresponding lock-in ampli?er 
and the signal corresponding to each lock-in ampli?er 
can be isolated; 

an electronic manipulator to combine the signals from the 
plurality of lock-in ampli?ers Whereby the signals can 
be combined by mathematical operations. 

16. A circular polariZation spectrometer as claimed in 
claim 15 Wherein a second polariZer is added to the spec 
trometer. 


